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E
dward Norton Lorenz, mathematician and meteorologist, introduced in 1963 the idea that "one flap of a seagull's wings would be enough to alter the course of the weather forever."
This principle, now known as the butterfly effect, reminds us that even the flap of a butterfly's wing could create an eddy that, when amplified within the chaotic motion of the atmosphere, could ultimately cause a large-scale disturbance far from the original event. The notion has been generalized into the principle that in complex systems, such as the weather, it is impossible to accurately identify and measure every single determining factor, and therefore impossible to predict long-term outcomes.
All living organisms, from humans to pathogens, are complex systems existing within complex ecosystems. Natural variations in the interrelationships between the components of these complex systems often result in reactive counterbalancing changes that allow the ecosystem to persist. Yet ecosystems may be more frail than was once thought (Hassan et al. 2005) . Outside forces that disrupt these systems can have unforeseeable consequences.
Examples of apparently small biological disruptions that have had large, unpredicted, and unintended consequences are easy to find. The introduction in Australia of only 24 European rabbits in 1859 was associated with the decline and extinction of many of Australia's midsized terrestrial mammals. Today, feral rabbits' competition and land degradation are listed as "a key threatening process" in the Australian Endangered Species Protection Act (Biodiversity Group, Environment Australia 1999). Rabbit populations currently threaten 14 different species of animals and 30 species of plants. Thomas Austin, the gentleman who released the rabbits, proved to lack prescience when he said, "The introduction of a few rabbits could do little harm and might provide a touch of home, in addition to a spot of hunting."
The brown tree snake was accidentally introduced in Guam during World War II, probably as a passive stowaway on a military cargo ship. Although it arrived in the midst of a large disruption, a single reptile species could not have been expected to be a significant problem. Sixty years later, this animal has been found to be directly responsible for the local extirpation or extinction of 9 of the 11 native forest birds on the island and 4 of the 12 native lizards. In addition, the snakes caused more than 1600 electrical power outages between 1978 and 1997, costing the economy an estimated $4.5 million per year. Last but not least, snakebites cause 1 out of every 1000 emergencyroom visits on Guam; young children make up the majority of the victims (Fritts and Leasman-Tanner 2001) .
Hendra virus debuted in Brisbane, Australia, in September 1994, first killing horses, then people. The disease was eventually tracked back to several species of flying foxes, frugivorous bats native to the forested areas around Brisbane. Research indicates that the virus is old, and must have coevolved with its hosts over several thousands of years. How did it make the jump to other species? Why now? The answer is deceptively simple: Expanding human development resulted in deforestation, which reduced the number of fruit trees available for the flying foxes to eat from and roost in. In the pasture once used by the horse that was the equine index case, a single fig tree remains, a tree that served equally well as a roost for a bat and a sunshade for a horse. The virus, in its now disturbed ecosystem, made the leap.
The Centers for Disease Control and Prevention estimate that 60 percent of the currently known human pathogens and 75 percent of emerging infectious pathogens are zoonotic; they include rabies, plague, leptospirosis, tularemia, West Nile virus, Ebola, Marburg, SARS, and Nipah (CDC 2007) . Even domestic cats and dogs can serve as a source of human disease, but the risks posed by Fluffy and Fido are well known and under stood. These species have been the companions of humans for thousands of years, and, at least in the developed world, most of the risks from them can be controlled: vaccinating prevents the spread of rabies, deworming kills the intestinal parasites that cause ocular or visceral larval migrans, and applying insecticides repels ticks that spread the agent of Lyme disease.
Cats and dogs are no longer the only pets found in US homes, however. The Captive Wild Animal Protection Coalition estimates that 10,000 to 20,000 large exotic felids, 17.3 million birds, 8.8 million reptiles, and 3000 great apes are being kept as pets in this country. In 2005 alone, 210 million animals were legally imported into the United States to satisfy the growing demand for exotic species. An unknowable number of pets, animal parts, and meat were smuggled in during the same time period, making up a large part-a portion ranked second only to the illegal drug trade-of the estimated $10 billion per year international black market (Ebrahim 2006) .
Introducing so many animals into a new and unnatural environment-our homes-after removing them from the ecosystems in which they evolved represents a disruption of substantial magnitude. This displacement brings these animals into close proximity with species they have not previously encountered, and the public health consequences may be startling.
The most famous, or perhaps infamous, example is the outbreak in the United States of monkeypox in humans, a result of humans' close contact with prairie dogs sold as pets. Human monkeypox, which in its original environment affects primarily children, has a clinical course similar to that of smallpox, although its fatality rate is lower. This disease, which had not previously been seen outside of Africa (where exposure is thought to take place through contact with wild rodents), was diagnosed in 81 patients in the American Midwest during the summer of 2003. It turned out that Gambian giant rats, imported into the United States for the pet trade, had been housed next to prairie dogs. Asymptomatically infected rats transmitted the virus to the prairie dogs, which then passed it along to the humans who brought them home. Curious ly, no suspected, probable, or confirmed cases of monkeypox occurred in humans who had contact only with the Gambian rats, or with any other African rodents (CDC 2003) .
Clearly, the surprising thing is not that monkeypox infected US residents, but that such cases have not arisen more often. With our penchant for sharing our living spaces with creatures from foreign lands, outbreaks of other diseases will surely occur. What isn't clear is how to best protect ourselves.
One approach, the one used most often to augment the generic requirement for a health certificate, is to regulate and legislate for known risks-it is now illegal to import African rodents into the United States, for example. Unfortunately, this approach is reactive rather than proactive, because it relies on the transmission of disease to humans-exactly what we are trying to prevent.
A more proactive alternative would be to regulate the unknown risks-in other words, prevent the importation of species (and thus the pathogens they harbor) that are not well understood. The precautionary principle supports this approach: it puts the onus on the importers and the eventual owners either to prove that a particular species does not have the potential to cause harm, or to provide ways to mitigate any risk. A third approach, a complete ban on importing exotic species for pets, has also been proposed, but is strongly opposed by both potential owners and members of the pet-trade industry. No matter which approach is eventually taken, however, it would be prudent to remember the already vast scale of the illegal market.
There are myriad other important matters relating to the importation of exotic pets, of course-animal welfare issues, physical injury of humans, and disruption and destruction of native wild populations by escapees, among others. My intention in this Viewpoint, however, is not to assign a hierarchy of importance to these factors; rather, I want to highlight one particular area of concern. When it comes to infectious disease and exotic animal imports, it is clear that what we don't know can hurt us. Addressing this threat of the unknown effectively will require proactive, and perhaps politically unpopular, measures. be used in conservation and management initiatives, and to document the traditional medicinal knowledge of communities that are rapidly losing certain of their socioeconomic and cultural characteristics.
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History of medicinal animal and plant use
Europeans who reached Brazil in the 16th century found a diversified fauna quite different from the European and African faunas; some of the explorers described the most common or conspicuous species, indicating their main useful or dangerous properties (Almaça 2002) . The exuberant flora and the colorful animals fascinated Europeans who visited the country and their compatriots in Europe, who received descriptions, illustrations, and specimens during the first two centuries following the arrival of Portuguese settlers (Peixoto and Escudeiro 2002) . As colonization went on, however, amazement turned to exploitation based on slavery, initially of the indigenous peoples and later of Africans from various ethnic groups. From a medical perspective, colonization brought together elements of indigenous, African, and European systems of diagnosis and cure. The European system came to dominate, relegating the indigenous and African systems to a folk category outside the mainstream medicine practiced in the country.
The present-day thriving trade in medicinal plants, however, testifies to the resilience of the merged indigenousAfrican system of diagnosis and treatment, which gained official recognition in 2006 through the establishment of the National Policy for Integrative and Complementary Practices (Política Nacional de Práticas Integrativas e Complementares) in the federal public health-care system. Animalderived remedies, although less well known than plant-derived ones, also coexist with conventional medicine in contemporary Brazil. In a vacuum of studies or regulations, various animals have been used medicinally since colonial times, including Iguana iguana (Linnaeus, 1758), Caiman latirostris (Daudin, 1801), Dasyatis guttata (Bloch and Schneider, 1801), Goniopsis cruentata (Latreille, 1803), Crotalus durissus (Wagler, 1824), and Micrurus ibiboboca (Merrem, 1820) (Silva et al. 2004 , Almeida 2005 .
Collecting data on medicinal animals
We assembled information from scientific articles and gathered data through field surveys as follows: from January to May, 2002, and In structured interviews of the 79 merchants, respondents were asked to supply, for each animal traded, the vernacular name, folk use, parts used, and preparation and administration of remedy. Information obtained from these structured interviews was complemented by unstructured interviews (Huntington 2000) , during which respondents addressed issues such as the clandestine nature of the trade and alternative uses of a particular species. We conducted an additional 137 interviews with traditional users of animal-derived remedies (67 men and 70 women) in the following fishing communities: the municipality of Cajueiro da Praia (n = 36); Pesqueiro Beach, municipality of Soure (n = 41); Environmental Protected Area Barra do Rio Mamanguape, municipality of Rio Tinto (n = 30); and the municipality of Raposa (n = 30), as described in Alves and Rosa (2006, 2007) .
Zoological material was identified with the aid of taxonomists familiar with the study areas' faunas through examination of voucher specimens donated by the interviewees; photographs of the animals or their parts, taken during interviews; and vernacular names. Voucher specimens and photographs were deposited at the Departamento de Sistemática e Ecologia, Universidade Federal da Paraíba. Only taxa that could be identified to the species level were included in the database.
Scientific names cited in publications were updated in accordance with the Integrated Taxonomic Information System's "Catalogue Alves and Rosa (2006, 2007) .
Medicinal species and conservation concerns
Of the 283 animal species whose medical use has been recorded in Brazil, fishes (81 species), mammals (54), reptiles (42), and birds (33) were the most-used vertebrates; insects (33), crustaceans (15), and molluscs (13) were the mostused invertebrates. Other groups quoted by interviewees were Echinodermata (7), Cnidaria (2), and Amphibia (3) (box 1, figure 1). Most of the species used (n = 271; 96%) are wild caught and 75 of them (27%) are on some list of endangered species.
Of the 283 medicinal species recorded, 158 (56%; mainly vertebrates) are also used as food and are sold for that purpose in some parts of Brazil. Examples are Balistes vetula (Linnaeus, 1758), Crassostrea rhizophorae (Guilding, 1828), and Ucides cordatus (Linnaeus, 1763); additionally, some medicinal animals are sold as souvenirs or for magical or religious purposes. Examples are the products derived from the dolphin species Sotalia fluviatilis (Gervais and Deville, 1853), Sotalia guianensis (P. J.Van Bénéden, 1864), and Inia geoffrensis (Blainville, 1817); the seahorse Hippocampus reidi (Ginsburg, 1933) ; and the snakes Boa constrictor (Linnaeus, 1758) and Crotalus durissus (Linnaeus, 1758) .
Fewer than 10% (n = 26) of the medicinal animals were reported as being used medicinally in more than four states, suggesting that local faunistic composition is a determinant of regional zootherapeutic practices. For instance, the medicinal use of the Amazonian species Podocnemis expansa (Schweiger, 1812), Melanosuchus niger (Spix, 1825), and Arapaima gigas (Schinz, 1822) was recorded only in the northern region. Nevertheless, in many cities, medicinal animals are widely traded at stalls in outdoor markets or, occasionally, in small markets specifically dedicated to this activity, which indicates that zootherapeutic practices have come to coexist with allopathic (conventional) medicine in Brazil. Trade routes traverse not only municipalities but also different states, with 170 species being used in rural areas, 38 in urban areas, and 75 in both areas.
Animal-derived remedies and illnesses treated
Animal-derived remedies were used for treating 194 diseases and conditions; asthma, rheumatism, wounds, thrombosis, and bronchitis were the most common ones. Species were mostly prescribed for treating problems with the respiratory system (118 species, 41.7%); osteomuscular and conjunctive tissue (73 species, 25.8%); injuries, poisoning, and other consequences of external causes (66 species, 23.3%); some infections and parasitic diseases (54 species, 19.1%); and the circulatory system (41 species, 14.5%). Also treated were problems with ear (middle and inner ear) and mastoid apophysis (36 species, 12.7%), undefined illnesses (34 species, 12.0%), skin and subcutaneous tissue (34 species, 12.0%), the nervous system (26 species, 9.2%), and the digestive system (24 species, 8.5%). A single illness could be treated with various animal species (e.g., 106 animal species were used in the treatment of asthma and 71 in the treatment of rheumatism), and most animals (n = 172, 60.8%) were prescribed for treating multiple illnesses; for example, products obtained from the trahira (Hoplias malabaricus [Bloch, 1794] ) were used to treat 22 conditions, and 16 conditions were treated with Amazonian dolphin (S. fluviatilis) products. In this study we identified 10 species, not previously reported as medicinal in Brazil, that were prescribed for treating a total of 18 illnesses (table 1) .
Ingredients reportedly used in the medicines were fat (the most cited one), flesh, bone, bone marrow, cartilage, Figure 1 . Number of animal species used as remedies per taxonomic category in Brazil.
skin, tail, feather, liver, bile ("fel"), milk, rattle (from rattlesnakes), spine, shell, honey, wax, scale, rostral expansion, otolith, penis, carapace, blood, gizzard, beak, cocoon, teeth, tongue, egg, eggshells, tibia, secretions, head, heart, urine, foot, leg, nest, guts, pollen, ear, spawn, nail, horn, sucking dish, eye, and, more rarely, whole animals. Hard parts, such as teeth, nails, shells, rattles from snakes, fish scales, bone, and cartilage, generally are dried in the sun, grated, and crushed to powder, and then administered as tea or taken during meals. Fat, body secretions, and oil are either ingested or used as an ointment.
Traditional Brazilian medicine is also associated with a belief system locally termed simpatias. One frequently mentioned aspect of simpatias is the secretive nature of the treatment-for a remedy to be effective, people receiving it must not know what they are taking. Popular beliefs may have implications for the way species are used: some can be used live or dead, depending on the beliefs of the community. One form of spiritual treatment uses amulets containing animal parts, supposedly to protect from the evil eye and, often, to prevent diseases; amulets may be hung around the neck, glued on a piece of cloth, kept in one's pocket or wallet, or kept in homes for protection from evil energies. For example, the teeth of caimans (C. latirostris [Daudin, 1801] , M. niger, and Paleosuchus palpebrosus [Cuvier, 1807] ) and the skin of the crab-eating raccoon (Procyon cancrivorus [G. Cuvier, 1798] ) are used as protection against snakebite, and the skin of the coati Nasua nasua (Linnaeus, 1766) is attached to a person's belt to prevent backache.
Discussion
The extensive use of foods as medicinal remedies reported in our study is in line with recent field investigations around the world, which show that more than 40 animal foods are used as remedies (Pieroni and Grazzini 1999) . In addition to their use as food, some medicinal species are also sold as souvenirs or for magical or religious purposes. Such multiple uses should be considered when implementing recovery plans, especially for the highly exploited species.
Our results reveal that most medicinal animals are prescribed to treat multiple diseases, which seems to be common practice in other traditional medicine systems. For example, in Mexico, the carapace and tail of the Dasypus novemcinctus (Linnaeus, 1758) are used to treat diarrhea, tuberculosis, and whooping cough, and to accelerate parturition (Vázquez et al. 2006) . In India, the fat, skin, and bile duct of the land monitor Varanus bengalensis (Daudin, 1758) are used for treating piles, rheumatism, burns, and bites from spiders and snakes (Kakati et al. 2006 ). In Bolivia, products derived from the Agouti paca (Linnaeus, 1766) have been documented as remedies for general body pain, leishmaniasis, snakebite, rheumatism, heart pain, pain in bones, liver pain, fever, and pain during childbirth (Apaza et al. 2003) .
The reported multiple therapeutic actions and the use of various animals for the same condition presumes different properties either of parts used or of modes of preparation, corroborating the remark by Iwu (1993) that different chemical constituents are enhanced by different factors, such as preparation, dosage, or part used. Additionally, the possibility of using various remedies for the same ailment is popular because it permits adapting to the availability of the animals (Alves and Rosa 2006) . That particular species have similar uses in different places indicates that there is a solid information base of zootherapeutic practices within Brazil and elsewhere (e.g., Branch and Silva 1983, Sodeinde and have also incorporated elements from indigenous peoples). Various animals are used for the magical-religious practices of the Afro-Brazilian cults, mainly in urban areas (Alves and Pereira-Filho 2007) , a ritualistic use that emphasizes the holistic nature of traditional medicine and addresses problems with the spiritual, physical, and social-psychological aspects of people's daily lives. Animals are employed within a magical-prophylactic perspective, with the purpose of warding off diseases of "unnatural" origin-a practice that encompasses perceptions related to the belief that supernatural forces are involved in causing diseases, as well as in their treatment. Because Brazil is highly heterogeneous socially and profoundly unequal in distribution of income, socioeconomic aspects play a role in the perseverance of zootherapeutic practices. For the majority of the population, access to hospital care is available within the public sector, but the organization of the health-care system reflects the schisms within Brazilian society: high-technology private care is available to the rich, but only inadequate public care is available to the poor (Haines 1993, Barros and Porto 2002) , which makes the use of available, affordable animal and plant remedies an important alternative. Finally, traditional home remedies may be used, in part, to resist urban modern medicine (see Boltanski 1977) and to support the traditional culture (Ngokwey 1995) . All these aspects need to be addressed in conjunction with policies that may have impacts on the resource base used by the local populations; otherwise, clandestine, unreported, unmonitored extraction and commercialization of medicinal animals will persist.
Implementation of a top-down model of management that is detrimental to local populations, or tightening of regulations decoupled from attempts to empower communities, may limit dialogue among stakeholders rather than help to conserve and manage zootherapeutic resources. Costa-Neto (2001) has shown that on the coast of Bahia, new regulatory measures have turned formerly free collection of animals for medicine into an exogenous taboo, generating cultural disconnections between the animal source and fishers, a situation that highlights the importance of Seixas and Begossi's (2001) suggestion that new regulations should be in tune with local population needs, thereby increasing compliance in management. Furthermore, as Alves and Rosa (2005) remarked, there is a need to shift the focus from how to obtain the greatest amount of zootherapeutical resources to how to ensure future uses, as well as a need for a transdisciplinary approach to evaluating the ecological and social components of zootherapy and how they fit together.
Traditional medicine is widely accepted, and the animal materials sometimes are preferred to the pure pharmacologically active constituents for cultural or financial reasons, as observed in this study. Furthermore, the economic activity of traders of medicinal animals and plants may become lucrative in a context of high unemployment rates and a low level of formal education (Huntley et al. 1989 )-a situation not uncommon in developing countries such as Brazil.
Lastly, from the perspective both of the faunistic resources and of traditional knowledge holders, the growing number of habitats being completely lost or severely altered in Brazil and elsewhere (Myers et al. 2000) suggests growing threats to the survival of many potential valuable medicinal animals and the cultural aspects associated with them.
Conclusion and future research
Our findings suggest that although socioeconomic factors determine the perseverance of zootherapeutic practices, interest in animal-derived remedies seems to extend beyond people lacking access to modern medicinal services. Even in cities where such services are more accessible, many people continue to go to traditional healers, showing the cultural acceptability of such practices. In that context, we consider the following goals as central to understanding zootherapeutic practices long established in Brazil: (a) identifying target populations and estimating the number of individuals being removed from the wild for medicinal purposes; (b) assessing the conservation status, ecology, life-history traits, and population parameters of heavily exploited species; (c) developing some form of collaborative research program and monitoring of the trade; and (d) addressing clinical and sanitary concerns. Efforts should initially focus on taxa believed to be most at risk of overcollection, especially those already on one or more lists of endangered species.
Zootherapy is intertwined with sociocultural and religious beliefs that must be understood by those engaged in modern conservation and protection of Brazil's biodiversity; effective ways to include socioeconomic information and expertise in conservation are needed. It is vital to know precisely the species concerned, their correct names, and their critical habitats-this aspect alone justifies further studies on zootherapeutic practices in Brazil.
From a biological perspective, there is a need to increase our understanding of the biology and ecology of species commonly used as remedies to better assess the impacts of harvesting them (for medicinal or other purposes) on their wild populations. Medicinal species whose conservation status is in question should receive urgent attention, and aspects such as habitat loss and alteration should be discussed in connection with present and future medicinal uses. As Anyinam (1995) remarked, environmental degradation affects users of traditional medicine both by limiting their access to the resources traditionally used and by diminishing the knowledge base in their community upon which traditional medicine is constructed.
The list of taxa assembled in this article is by no means final, as important biomes and geographic regions remain virtually unstudied. Brazil's long tradition of using animals in healing should be considered when designing and implementing conservation initiatives. One way of starting the process would be to bring together different stakeholders to assess the situation, define goals, prioritize initiatives, and draw up a plan of action.
Cats and dogs are no longer the only pets found in US homes, however. The Captive Wild Animal Protection Coalition estimates that 10,000 to 20,000 large exotic felids, 17.3 million birds, 8.8 million reptiles, and 3000 great apes are being kept as pets in this country. In 2005 alone, 210 million animals were legally imported into the United States to satisfy the growing demand for exotic species. An unknowable number of pets, animal parts, and meat were smuggled in during the same time period, making up a large part-a portion ranked second only to the illegal drug trade-of the estimated $10 billion per year international black market (Ebrahim 2006 Introducing so many animals into a new and unnatural environment-our homes-after removing them from the ecosystems in which they evolved represents a disruption of substantial magnitude. This displacement brings these animals into close proximity with species they have not previously encountered, and the public health consequences may be startling.
There are myriad other important matters relating to the importation of exotic pets, of course-animal welfare issues, physical injury of humans, and disruption and destruction of native wild populations by escapees, among others. My intention in this Viewpoint, however, is not to assign a hierarchy of importance to these factors; rather, I want to highlight one particular area of concern. When it comes to infectious disease and exotic animal imports, it is clear that what we don't know can hurt us. Addressing this threat of the unknown effectively will require proactive, and perhaps politically unpopular, measures.
